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TITLE OF THE INVENTION 

ELECTRODE, METHOD OF PRODUCING THE SAME, AND 
SOLID-STATE HIGH MOLECULAR WEIGHT ELECTROLYTE 
TYPE FUEL CELL EMPLOYING THE ELECTRODE 

[0001] The present application is based on, and claims priority under 35 U.S.C. § 1 19 with 
respect to, Japanese Patent Application No. 2000-00681 1 filed on January 15, 2001 (13th year of 
Heisei), the entire content of which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The present invention is directed to an electrode, a method of producing the same and a 
solid-state high molecular weight electrolyte type fuel cell employing the electrode. 

Description of the Related Art 

[0003] Referring to Fig. 5, there is illustrated a cross-section of a conventional or well-known 
fuel cell of the solid-state high molecular weight electrolyte membrane type. In such a fuel cell, a 
solid-state high molecular weight electrolyte membrane 20 is sandwiched or interposed between 
a pair of fuel cell electrodes, fuel electrode 21 and oxygen electrode 22, to constitute a membrane 
electrode assembly 30 which will be hereinafter abbreviated to "MEA." The MEA 30 is held 
between a pair of separators (neither is shown). At an interface between each of the separators 
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and its corresponding electrode, the fuel electrode and the oxygen electrode are formed with a 
fuel gas passage and an oxidizing gas passage, respectively. 

[0004] The fuel electrode 21 and the oxygen electrode 22 are produced by providing catalyst 
layers 21b and 22b on surfaces of electrode structures 21a and 22a, respectively. The pair of fuel 
electrode 21 and oxygen electrode 22 hold or sandwich therebetween the membrane 20 so as to 
establish close or intimate contact of the respective catalyst layers 21b and 22b with the 
membrane 20. Each of the electrode structures 21a and 22a is electrically conductive and gas 
permeable. Each of the electrode structures 21a and 22a acts as both a gas dispersion layer and a 
current collector. One of the gas dispersion layers is for flowing the gas from one of the 
electrodes to the catalyst layer 21b, while the other of the gas dispersion layers is for flowing the 
gas from the other of the electrodes to the catalyst layer 22b. The current collector passes 
electrons therethrough. 

[0005] The gas supplied to the fuel electrode 21 moves to the catalyst layer 21b through the 
electrode structure 21a to produce the following reaction. 
2H 2 -*4H + + 4e- 

[0006] The resultant hydrogen ions (4H + ) pass through the membrane 20 to reach the oxygen 
electrode 22. Concurrently, the electrons (4e-) produced at the catalyst layer 21b by the 
foregoing reaction arrive at the catalyst layer 22b of the oxygen electrode 22 by way of the 
catalyst layer 21b, the electrode structure 21a and an external circuit 40 including an external 
load 41. 

[0007] On the other hand, at the oxygen electrode 22, the oxidizing gas reaches the catalyst 
layer 22b after passing through the electrode structure 22. The oxygen in the oxidizing gas is 
deoxidized by coupling with the electrons (4e-) and is coupled with hydrogen ions (4ET) which 
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come from the fuel electrode 21 through the membrane 20, as apparent from the following 
reaction. 

0 2 + 4H + + 4e 2H 2 0 

[0008] Some of the resultant water enters the membrane 20, due to the concentration gradient, 
to move toward the fuel electrode 21 in a dispersed fashion, while the remaining water is 
changed into its gas phase or vapor, to be discharged together with an off-gas of the oxidizing 
gas after being dispersed to the gas passage by way of the catalyst layer 22b and the electrode 
structure 22a. Thus, the fuel cell functions as a battery since it produces electrons to generate an 
electric current. 

[0009] As described above in great detail, the conventional fuel cell is constructed such that 
the catalyst layer is provided on each surface of the electrode structure, which acts as both the 
gas dispersion layer and the current collector. 

[0010] However, the conventional fuel cell has problems or drawbacks in that the catalyst 
utilization rate is low, the internal resistance is large, and the gas and produced water dispersions 
are subject to be in a velocity controlling step. Thus, the output characteristic of the conventional 
fuel cell remains insufficient. 



SUMMARY OF THE INVENTION 
[001 1] The present invention has been developed in view of the aforementioned circumstances. 
In detail, it has been recognized that in the fuel cell, the electric resistances of the respective 
electrode structure and catalyst layer constitute its internal resistance, which causes an output of 
the fuel cell to drop. The conventional fuel electrode/oxygen electrode is formed by providing a 
catalyst layer onto a surface of the electrode structure in such a manner that carbon particles 
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which are previously applied with platinum catalysts are added to an ion exchange resin solution 
and a dispersing agent, the resultant mixture is kneaded thoroughly to prepare a paste, the 
resultant catalyst paste is applied evenly onto the surface of the electrode structure which has 
been provided with a water repellent finish, and the paste applied surface is dried. 
[0012] The present invention is based on a recognition that the mixing of the ion exchange 
resin into the catalyst paste causes a poor contact between the platinum carrying carbon particles 
and/or an isolation of each of the platinum carrying carbon particles by being surrounded by the 

ju.. ion exchange resin. It is well known that the electrochemical reaction at the electrode in the fuel 

u 

O cell requires the formation of a three-phase boundary face by the catalyst, the gas (hydrogen or 

W oxygen), and the ion exchange resin solution. Thus, since each of the platinum carrying carbon 

j particles is perfectly surrounded by or covered with the ion exchange resin, the catalyst is 
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JU prevented from being in contact with the gas, which inhibits formation of a three phase boundary 
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L face. The result is that at such portions no electrical chemical reactions occur, whereby the 
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Q catalyst utilization rate at the catalyst layer becomes lower and the fuel cell output is lowered. 
[0013] The contribution of the catalyst to the electrical chemical reaction becomes effective 
only when an electronic conductive network is established between the catalysts and/or between 
the catalyst and the current collector, and an ion conductive network is established between the 
catalyst and the electrolyte membrane. In the catalyst layer, its electronic conductivity is 
established by mutual contact between the platinum carrying carbon particles, and such contact is 
reduced due to the existence of the ion exchange resin therebetween, which causes the electric 
resistance of the catalyst layer to increase. 

[0014] According to the present invention, the catalyst is caused to be carried or provided 
directly on an electrode structure which is electrically conductive and gas permeable, resulting 
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from preventing an ion exchange resin from entering between the catalysts and/or between the 
catalyst and the current collector which is established by an integration of the current collector, a 
gas dispersion layer and the catalyst layer. Thus, there is provided a solid-state high molecular 
weight electrolyte type fuel cell electrode which is excellent in catalyst utilizing rate, electric 
conductivity and gas permeability. 

[0015] A first aspect of the present invention is to provide an electrode for fuel cells which 
comprises an electrode structure which is electrically conductive and gas permeable, and a 
catalyst directly carried on the electrode structure. 

[0016] In accordance with the first aspect of the present invention, the direct contact of the 
catalyst onto the electrode structure causes the catalyst to directly contact the electrode structure 
which acts as a current collector, without interposing an ion exchange resin, whereby the catalyst 
effectively contributes to the electrochemical reaction, resulting in increasing the catalyst 
utilization rate. In addition, the direct contact between the catalyst and the electrode structure 
makes the fuel cell electrode excellent in electric conductivity. Moreover, due to the fact that the 
construction of the electrode structure ensures good gas and water dispersion properties, the fuel 
cell electrode becomes excellent in gas and water dispersion. 

[0017] A second aspect of the present invention is to provide an electrode formed of 
electrically conductive fiber filaments. In accordance with the second aspect of the present 
invention, the fuel cell electrode has sufficient strength and electrical conductivity. 
[0018] A third aspect of the present invention is to provide an electrode formed of electrically 
conductive fiber filaments which are dispersed therein with electrically conductive particles. In 
accordance with the third aspect of the present invention, the fuel cell electrode can be made 
adequate in electrical conductivity and gas permeability. 



[0019] A fourth aspect of the present invention is to provide an electrode wherein the 
electrically conductive fiber element is an active carbon fiber filament. 
[0020] In accordance with the fourth aspect of the present invention, employing the active 
carbon fiber filaments which are large in specific surface area makes it possible to apply the 
catalyst in a highly dispersed mode, thereby making the fuel cell electrode excellent in catalyst 
activity. Furthermore, the catalyst dispersion and the formation of the electrode structure are 
established in a common process, which makes it possible to overcome the conventional problem 
of lowering the catalyst utilization in the electrode forming process due to the condensed catalyst 
application, even if a highly-dispersed catalyst carrying carbon is used, resulting in making the 
fuel cell electrode excellent in catalyst activity. 

[0021] A fifth aspect of the present invention is to provide an electrode formed of either of a 
sinter of electrically conductive particles and an electrically conductive porous material. In 
accordance with the fifth aspect of the present invention, the fuel cell electrode has sufficient 
strength and electrical conductivity. 

[0022] A sixth aspect of the present invention is to provide a method of producing an electrode 
for fuel cells which comprises a water repellant treating process for establishing a water repellent 
finish state of an electrically conductive and water repellant electrode structure; carrying a 
catalyst on the water repellent finished electrode structure; and applying ion exchange resin onto 
the catalyst carrying electrode structure. 

[0023] In accordance with the sixth aspect of the present invention, the ion exchange resin is 
applied onto the electrode structure which has been carried with the catalyst. Thus, the direct 
contact of the catalyst onto the electrode structure causes the catalyst to contact directly with the 
electrode structure which acts as a current collector without interposition of an ion exchange 



resin, whereby the catalyst contributes to the electrochemical reaction effectively, resulting in 
increasing the catalyst utilization rate. In addition, the direct contact between the catalyst and the 
electrode structure makes the fuel cell electrode excellent in electric conductivity. Moreover, due 
to the fact that the construction of the electrode structure ensures good gas and water dispersion 
properties, the fuel cell electrode becomes excellent in gas and water dispersion. 
[0024] In a seventh aspect of the present invention, the electrode structure is formed of 
electrically conductive fiber filaments which are dispersed therein with electrically conductive 
particles. In accordance with the seventh aspect of the present invention, the produced fuel cell 
electrode can be made adequate in electrical conductivity and gas permeability. 
[0025] In an eighth aspect of the present invention, a solid-state high molecular weight 
electrolyte type fuel cell comprises a pair of electrodes, each having a solid-state high molecular 
weight electrolyte membrane sandwiched between the pair of the electrodes to constitute a 
membrane electrode assembly; and a pair of separators sandwiching therebetween the membrane 
electrode assembly, each of the separators being in contact with the corresponding electrode to 
define a gas passage therebetween. 

[0026] In the eighth aspect of the present invention, employing the electrode which is excellent 
in catalyst utilization rate, electrical conductivity, and gas/water dispersion property makes it 
possible to make the solid-state high molecular weight electrolyte type fuel cell superior in 
output. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0027] The above and other objects, features and advantages of the present invention will be 
more apparent and more readily appreciated from the following detailed description of a 



preferred exemplary embodiment of the present invention, taken in connection with the 
accompanying drawings, in which; 

[0028] Figs. 1(a)- 1(c) illustrate how a first embodiment is produced wherein Figs. 1(a), 1(b) 
and 1(c) respectively denote an original electrode structure, a water-repellent finished electrode 
structure and an electrode structure according to the first embodiment; 
[0029] Fig. 2 is a cross-sectional view of a fuel cell according to the first embodiment of the 
present invention 

[0030] Figs. 3(a)-3(d) illustrate how a second embodiment is produced wherein Figs. 3(a), 
3(b), 3(c) and 3(d) respectively denote a carbon cloth formed of active carbon fibers, an original 
electrode structure, a water-repellent finished electrode structure, and an electrode structure 
according to the second embodiment. 

[0031] Fig. 4 is a graph indicating output characteristics of the first embodiment, the second 
embodiment, and a comparative example, respectively; and 

[0032] Fig. 5 is a cross-sectional view of a principal portion of a conventional solid-state high 
molecular weight electrolyte type fuel cell. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0033] Hereinafter, embodiments of the present invention will be described in detail. 
[First Embodiment] 

[0034] First of all, referring to Figs. 1(a) to 1(c), there is illustrated a sequential diagram of 
how a first embodiment is produced, wherein Figs. 1(a), 1(b), and 1(c) respectively denote a an 
original electrode structure 1, a water-repellent finished electrode structure 2, and an electrode 
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structure 3 according to the first embodiment. The original electrode structure 1 is in the form of 
a carbon fiber sheet 3 which is formed of a multiplicity of active carbon fiber filaments 4. 
[0035] Each of the carbon fiber filaments 4 is electrically conductive, which makes the carbon 
fiber sheet 1 electrically conductive. The carbon fiber sheet 1 may be the product provided by 
Nippon Kynol under the trade name of ACC-507-15. The carbon fiber sheet 1 has a thickness of 
about 500 |im and a weight of 120g/cm 2 . The carbon fiber filaments 4 which constitute the 
carbon fiber sheet 1 include numerous micro pores at their outer surfaces and are very large in 
specific surface area. The specific surface area of the active carbon filaments range in general 
Q from 100 to 3000 m 2 /g, and in the present embodiment a specific surface area of 1500 m 2 /g is 

£ S 

1: employed. 

m 

% [0036] A PTFE particle dispersed dilute solution is prepared, and is formed by diluting a PTFE 
s * particle liquid with an amount of water such that the consistency of the PTFE particles becomes 
L* 15 weight percent. It is to be noted that the PTFE particle dispersed liquid contains PTFE 
m particles at 60 weight % and is provided by Daikin Kogyo Co. Ltd. under the trade name of 
HJ POLYFLON whose grade is D-l. The aforementioned porous electrode substrate sheet 1, i.e., the 
carbon fiber sheet 1 formed of active carbon fiber filaments 4, is immersed in the dilute solution 
in order to absorb the PTFE particles dispersed in the dilute solution, to impregnate the sheet 1. 
Next, the resultant electrode substrate sheet is dried by placing the same in ambient air at 80 C to 
evaporate the water. Thereafter, the resultant electrode substrate sheet is held in ambient at 390 
C for 60 minutes, whereby the PTFE particles are fixed on the surface of the carbon fiber 
filaments to obtain the water repellent finished carbon sheet 2. 

[0037] Next, a solution of dinitritodiamin platinum nitrate (which contains 8 weight % of 
platinum) is prepared. Then, the aforementioned water repellent, finished carbon sheet 2 is 
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immersed in this solution for a time duration of 30 minutes. Thereafter, the water repellent 
finished carbon sheet 2 is removed from the solution, to dry its outer surface, as it is, in room 
temperature for a time duration of 30 minutes and is heat treated at a temperature of 200 C for 30 
minutes. The immersion, drying, and heat treatment are repeated until the net carrying amount of 
the platinum becomes 0.2 mg per unit area (cm 2 ), thereby obtaining a platinum carrying carbon 
sheet. 

[0038] Thereafter, the platinum carrying carbon sheet is immersed for a time duration of 5 
minutes in an ion exchange resin solution of 5% consistency which is provided by Asahi Kasei 
Co. Ltd. under the trade name of Ashiplex SS-1080 and is removed therefrom to dry at room 
temperature, whereby the electrode 3 for fuel cells is obtained. This electrode is available as an 
oxygen electrode 14 or a fuel electrode 15 (cf. Fig. 2). Platinum particles 5, which act as a 
catalyst, are directly carried on each of the active carbon fiber filaments 4 and such active carbon 
fiber filaments 4 are covered with the ion exchange resin. 

[0039] Referring next to Fig. 2, there is illustrated a cross-section of a single cell of a solid 
high molecular weight electrolyte type fuel cell. In this single cell, as a raw material of a solid- 
state high molecular weight electrolyte membrane 13, Nafionl 12 (trade name) is employed 
which is provided by Dupont. A membrane electrode assembly 18 is produced such that the 
membrane 13, while it is being held between the oxygen electrode 14 and the fuel electrode 15, 
is brought into a hot-press state for a time duration of one minute at conditions of 120 C and 2 
Mpa. The resultant stack cell is held between separators 16 and 17 to constitute the single cell. 
The separator 16 is provided therein with a flow passage 16a through which an oxidizing gas 
flows, while the separator 17 is provided therein with a flow passage 17a through which a fuel 
gas flows. 
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[0040] An electricity generation experiment was conducted to evaluate an output characteristic 
of the resultant solid-state high molecular weight electrolyte type fuel cell stack. The test 
conditions were a cell temperature of 80 C, air (utilization rate: 40%) as the oxidizing gas 
supplied at 0.25Mpa to the flow passage 16a, and hydrogen (utilization rate: 80%) as the fuel gas 
supplied to the flow passage 17. At this stage, an amount of water which is in gas phase, i.e., 
water vapor, was added, for wetting, to the oxidizing gas at a mole ratio of 0.04 relative to the 
amount of the air, while an amount of water which is in gas phase, i.e., water vapor, was added, 
for wetting, to the fuel gas at a mole ratio of 0.04 relative to the amount of pure hydrogen. 

[Second Embodiment] 

[0041] Referring now to Figs. 3(a)-3(d), there is depicted a sequential diagram of how a second 
embodiment is produced wherein Figs. 3(a), 3(b), 3(c) and 3(d) respectively denote a carbon 
cloth formed of active carbon fibers, an original electrode structure, a water-repellent finished 
electrode structure and an electrode structure according to the second embodiment. The 
electrode structure 7 is produced by using the carbon fiber sheet 6 which is formed of a 
multiplicity of active carbon fiber filaments 10. The carbon fiber sheet 6 is identical with that of 
the first embodiment. It is to be noted that the gap between two adjacent fiber filaments in Fig. 3 
looks larger than that in Fig. 2 due to a difference in scaling ratio. 

[0042] As electrically conductive particles, a carbon black powder (having an average particle 
diameter of 40 nm), which is sold by Cabot Japan Company, may be used. The carbon black 
powder, which includes a multiplicity of particles 1 1, is mixed thoroughly with an amount of 
ethylene-glycol and an amount of IP A, both of which are used as forming promoters, at a weight 
ratio of 1 : 10: 1 .8, and the resulting mixture is stirred, thereby producing a carbon black paste. 
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The carbon black paste is screen printed on the carbon fiber sheet to impregnate the paste therein, 
and the resulting sheet is dried to produce a membrane electrode assembly (MEA). 
[0043] The aforementioned membrane electrode assembly 7 is immersed in a dispersion 
solution whose composition is identical with the dispersion solution composition in the first 
embodiment. Thereafter, the membrane electrode assembly 7 is placed for being dried within a 
vacuum at 80 C. for a time duration of 2 hours to evaporate the solution. The resulting membrane 
electrode assembly 7 is held for PTFE baking in ambient air at 390 C for 60 minutes, thereby 
producing a water repellent finished membrane electrode assembly 8. 
[0044] Next, like the first embodiment, the water repellent finished membrane electrode 
assembly 8 is, after being applied with a platinum catalyst at 0.2 mg per unit area (cm 2 ), 
immersed in an ion exchange solution to produce an electrode 9 for fuel cells. Particles 12 of the 
platinum catalyst are directly carried or fixed on each of the active carbon fiber filaments 10 and 
each of the carbon black particles 11. Each of the resulting active carbon fiber filaments 10, and 
each of the resulting carbon black particles 1 1, is respectively covered with ion exchange resins. 
[0045] The thus obtained electrode 9 for fuel cells is used to constitute the oxygen electrode 14 
and the fuel electrode 15 in order to produce a single cell of a solid-state high molecular weight 
electrolyte type fuel cell, similar to the first embodiment. The resulting single cell was evaluated 
like the first embodiment. 

[Comparative Example] 

[0046] As a raw material of a comparative electrode structure, a carbon paper having a 
thickness of 180 )im which is provided by Toray Co. Ltd. under the trade name of Torayca TGP- 
060, was provided. Like the first embodiment, the carbon paper was immersed in a dispersion 
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solution whose composition was identical with the dispersion solution composition in the first 
embodiment. Thereafter, the carbon paper was placed for being dried in a vacuum at a 
temperature of 80 C for 2 hours and then was brought into water-repellent treatment such that the 
carbon paper was held for PTFE baking in ambient air of 390 C for 60 minutes. 
[0047] A catalyst paste was produced by mixing thoroughly 12 g of platinum carrying carbon 
whose platinum carrying consistency was 40 wt% and which is provided by Johnson Massy Co. 
Ltd. under the trade name of HiSPEC4000, 180g of ion exchange resin solution whose 
consistency was 5 wt% and which is provided by Asahi Kasei under the trade name of SS-1080, 
22.8 g of water, and 22.8g of isopropyl- alcohol as a forming promoter. The resulting catalyst 
paste was applied onto the aforementioned water-repellent finished carbon paper, through Dr. 
Braid Method, to form a catalyst layer such that the platinum carrying amount becomes 0.2 mg 
per unit area (cm 2 ). Then, the resulting paper was dried to produce a comparative electrode for 
fuel cells. The thus produced electrode was used as oxidizing and fuel electrodes to constitute a 
comparative solid-state high molecular weight electrolyte type single fuel cell which was similar 
to the first embodiment. The comparative solid-state high molecular weight electrolyte type 
single fuel cell was evaluated in a manner similar to the evaluation of the first embodiment. 

[Evaluation Results] 

[0048] Referring to FIG.4, there is illustrated a graph which is indicative of the output 
characteristics of the first embodiment, the second embodiment and the comparative example, 
respectively. This graph reveals that each of the first embodiment and the second embodiment 
provides higher output voltages than the comparative example, irrespective of current density. 
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[0049] In each of the embodiments, the electrode structure is, after being applied with the 
catalyst, applied with the ion exchange resin coating treatment, which makes it possible to 
establish a direct contact between the electrode structure and the catalyst, without interposing the 
ion exchange resin therebetween. Thus, between the electrode structure which acts as a current 
collector and the catalyst, a network can be constituted which is excellent or superior in electrical 
conductivity, which causes the catalyst to promote the electrochemical reaction effectively, 
thereby improving the catalyst utilization rate. 

[0050] In addition, the electrode structure is brought into direct contact with the catalyst, which 
makes it possible to make the fuel cell excellent in electric conductivity. Moreover, employing 
the active carbon fiber filaments which are large in specific surface area makes it possible to 
effectively disperse the catalyst on the electrode structure, resulting in the fuel cell electrode 
structure being excellent in catalyst activity. Furthermore, the catalyst dispersion and the 
formation of the electrode structure are established in a common process, which makes it 
possible to overcome the conventional problem of lowering the catalyst utilization in the 
electrode forming process due to condensation of the catalyst application, even if the highly- 
dispersed catalyst carrying carbon is used, also resulting in making the fuel cell electrode 
excellent in catalyst activity. 

[0051] Further, the construction of the electrode structure is capable of ensuring the dispersion 
properties in gas and water, which makes it possible to provide a fuel cell electrode which is 
excellent in gas and water dispersion properties by selecting the electrode structure which is 
suitable in gas permeability and electric conductivity. 
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[0052] Due to the fact that the fuel cell is produced by employing an electrode which is 
excellent in catalyst utilization rate, electric conductivity, and gas/water permeability, the output 
characteristic of the fuel cell can be remarkably improved. 

[0053] As is disclosed in the second embodiment, when the electrode structure is formed by 
dispersing the electrically conductive particles in the conductive fiber filaments, the gas 
permeability of the electrode structure can be controlled by adjusting at least any one of the gap 
rate of the conductive fiber filaments, the particle diameter of the electrically conductive particle, 
and the amount thereof In the same way, the electrical conductivity of the electrode structure 
can be controlled. Such adjustments make it possible to make the fuel cell electrode suitable or 
pertinent in electric conductivity and gas permeability. 

[0054] In the aforementioned embodiments, forming the electrode structure of the electrically 
conductive fiber filaments is an example, but the invention is not limited thereto. Alternatively, 
other substances are available which are both electrically conductive and gas permeable such as 
powder of sinter of electrically conductive particles, porous medium, and a complex of these 
materials. However, employing the electrically conductive fiber filaments permits the electrode 
structure to have both sufficient strength and electric conductivity. Of course, employment of 
any one of a sinter of electrically conductive particles, porous medium and a complex of these 
materials makes it possible to make the resulting electrode structure to have both sufficient 
strength and electric conductivity. 

[0055] In the embodiments, as the electrically conductive fiber filaments and the active carbon 
fiber filaments are employed as being exemplary and are not restrictive. Any other fibers are 
available, subject to their having electrical conductivity. Due to their large specific surface area, 
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the active carbon fiber filaments can carry thereon the catalyst in a highly dispersed mode, 
whereby the fuel cell electrode can be excellent in catalyst activity. 

[Advantages] 

[0056] As described above in great detail, the present invention provides a fuel cell electrode 
and a fuel cell, the fuel cell including an electrode structure having electrical conductivity and 
gas permeability and a catalyst carried on the electrode structure in direct fashion, the fuel cell 
including a high molecular weight electrolyte membrane held between a pair of the foregoing 
electrode structures to constitute an MEA and a pair of separators between which the MEA is 
sandwiched, such that at adjusting surface between the MEA and each of the separators a gas 
passage is formed. Thus, the fuel cell in accordance with the present invention has less internal 
resistance and has an excellent gas/water dispersion property. 

[0057] The invention has thus been shown and description with reference to specific 
embodiments, however, it should be understood that the invention is in no way limited to the 
details of the illustrated structures but changes and modifications may be made without departing 
from the scope of the appended claims. 
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